Implementation of the First Asteroid Landing
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On February 12 this year, the Near Earth Asteroid Rendezvous (NEAR) Shoemaker spacecraft landed on the surface of the asteroid (433) Eros after a year of observations in orbit.  NEAR Shoemaker (NEAR) was not designed to land on an asteroid, complicating the design of operations needed to accomplish this feat.  But a landing would be a fitting end after the year of orbital operations that consumed most of the remaining spacecraft fuel, operations funding, and allocated Deep Space Network tracking. 

The descent trajectory was designed primarily to maximize the number of images from altitudes below 5 km.  Minimizing the impact velocity was a secondary goal.  During the last 5 km of the descent, the spacecraft would maintain constant high gain antenna contact with the Earth to maximize image downlink capability.  Since NEAR has fixed instruments, radio antennas and solar arrays, this Earth pointing requirement limited the possibilities for imager pointing to a roll about the line to the Earth during the descent.  The rotation pole of Eros lies practically in the plane of its orbit about the Sun, and the solar latitude during February 2001 was south of -85 degrees. The final design of the de-orbit maneuver and the first descent braking maneuver was performed in the 24-hour period before the de-orbit maneuver.  Optical navigation images were acquired and downlinked after the de-orbit burn. The orbit determination from these data showed that the spacecraft was about 17 s late, so a command was uplinked to subtract 17 s from the spacecraft clock. The four braking maneuvers were programmed to execute at fixed intervals whose absolute times were changed by the clock correction. The descent images were saved to the same area of the solid state recorder, overwriting the data for earlier images that had already been sent to the Earth so that the image taking to transmission process was as fast as possible.  This allowed the closest possible images before impact.  Analysis shows that the landing occurred within 100 m of the planned location with a vertical impact velocity of about 1.6 m/s. After the landing, a weak signal, without telemetry, was still being received.  Low bit-rate communication was established with the low gain antenna. This allowed obtaining over a week of gamma ray spectrometer data from the surface, giving better information from 

that instrument than were obtained from orbit.  The spacecraft was shut down on February 28.  Eclipses started at the landing site in April.  Will NEAR Shoemaker survive the long Erosian night? The team hopes to find out in September 2002 when solar illumination will again be favorable.  

